Abstract Few studies show that ''emergency extracorporeal shockwave lithotripsy (eESWL)'' reduces the incidence of ureteroscopy in patients with ureteric calculi. We assess success of eESWL and look to study and identify factors which predict successful outcome. We retrospectively studied patients presenting with their first episode of ureteric colic undergoing eESWL (within 72 h of presentation) over a 5-year period. Patient's age, gender, stone size and location, time between presentation and ESWL, number of shock waves and ESWL sessions, and Hounsfield units (HU) were recorded. 97 patients (mean age 40 years; 76 males, 21 females) were included. 71 patients were stone free after eESWL (73.2 %) (group 1) and 26 patients failed treatment and proceeded to ureteroscopy (group 2). The two groups were well matched for age and gender. Mean stone size in group 1 and 2 was 6.4 mm and 7.7 mm, respectively, (p = 0.00141). Stone location was 34, 21, and 16 in upper, middle and lower ureter in group 1 compared to 11, 5, and 10 in group 2, respectively. Mean HU in group 1 was 480 and 612 in group 2 (p value 0.0036). In group 2, significantly, more patients received treatment after 24 h compared with group 1 (38 vs 22.5 %). The number of shock waves, maximal intensity, and ESWL sessions were not significantly different in the two groups. No complications were noted. eESWL is safe and effective in patients with ureteric colic. Stone size and Hounsfield units are important factors in predicting success. Early treatment (B24 h) minimizes stone impaction and increases the success rate of ESWL.
Introduction
There are only but a few studies addressing the subject of emergency extracorporeal shockwave lithotripsy (eESWL) as a treatment modality in the acute uncomplicated setting [4] and no mention of this treatment modality is made in the European association of Urology guidelines on urolithiasis. eESWL (extracorporeal lithotripsy on admission at the time of first presentation) has the potential to improve stone clearance rates when compared to routine outpatient ESWL due to less ureteric oedema and lower stone impaction rates in the acute setting. It would therefore reduce patient morbidity, reduce the number of potential hospital, time off work and therefore be costeffective also.
These potential advantages have to be weighed up against a potential ''over treatment'' as a result of treating ureteric stones which may pass spontaneously or with medical expulsive therapy. Spontaneous stone passage can be expected up to 80 % in patients with stones less than 5 mm in diameter, and therefore could be managed expectantly [5] (albeit this period of time can be up to 40 days [6] ). For stones greater than 5 mm, the chance of spontaneous passage decreases exponentially. When stone locality is considered in addition, the passing of ureteral stones is 25 % for the proximal ureter, 45 % for the middle ureter, and 70 % for the distal portion. Several pharmacological approaches have been proposed in recent years aiming to act on possible causes of stone retention. Both a-antagonists and calcium channel blockers have been shown to inhibit the contraction of ureteric muscle responsible for ureteric spasms while encouraging stone progression and expulsion [7, 8] .
Emergency shockwave lithotripsy, however, aims to provide a fast, safe, and efficient definite treatment option for an obstructing ureteric stone. An impacted stone creates ureteral oedema gradually over 24-72 h, impairing stone clearance by preventing the formation of the chamberliquid interface. There are only a few retrospective studies that have addressed the issue thus far, yet the available evidence indicates that it is a safe procedure with very low complication rate [9] [10] [11] [12] [13] [14] [15] .
We reviewed patients who have undergone eESWL at our institution. Various parameters are analysed to obtain evidence about the efficiency and safety of the procedure. The results are also compared with those from existing literature in an evidence-based manner in an effort to establish indications for emergency lithotripsy.
Materials and methods
We examined the records of all patients presenting with solitary obstructing ureteric stones to our department who have undergone emergency extracorporeal lithotripsy over a 5-year period (2006) (2007) (2008) (2009) (2010) (2011) . Stones were fragmented with the Siemens Lithostar Multiline electromagnetic lithotripter (Germany). Patients allocated to the emergency ESWL arm were those with single, obstructing, uncomplicated ureteric stones presenting with acute onset of pain \72 h duration. Only patients presenting with a first episode of ureteric colic who had never previously undergone ESWL or surgical treatment were included in the study to avoid any factors that may bias the outcome, as a result of previous stone passage, or surgical intervention. Other exclusion criteria included urinary tract infection or sepsis and any contraindications to ESWL such as coagulopathy, anticoagulation therapy, and pregnancy. Study parameters included patients' age and gender, stone size and location, time interval between presentation with renal colic and ESWL treatment, number and maximal intensity of shock waves, and the total number of ESWL sessions required to achieve stone free status. In addition, stone attenuation in Hounsfield units was measured and included in the study parameters. Stone free status after treatment was studied and patients were separated into two groups. Group A had successful eESWL and group B failed their treatment (as defined by failed stone clearance after more than two sessions) and therefore went on to have a secondary procedure to clear the stone. We looked at the various study parameters to assess differences between the two groups to look at factors which predict the outcome of emergency ESWL. Data analysis was carried out using SPSS 16.0, Inc. (California, USA) software. Chi square test was utilized with a significance level of p \ 0.01 (CI [ 95 %).
Results
Ninety-seven patients (76 males and 21 females) with a mean age of 40 years who fulfilled the study inclusion criteria were included in our study. 71 patients were stone free after emergency ESWL (73.2 %). The remaining 26 patients failed the lithotripsy and underwent ureteroscopy (26.8 %). Group A consists of patients with successful emergency lithotripsy and group B who failed lithotripsy and were treated with ureteroscopic fragmentation of the stone. The male:female ratio was 3.3 in group A and 2.7 in group B (failed treatment), and the mean age was 38.56 and 42.23 years in groups A and B, respectively. The mean stone size in group A was 6.44 mm (range 3-12 mm) and 7.68 mm (range 4-12 mm) in group B, and the difference was statistically significant (p value 0.0014) ( Table 1) . Stone localization in the ureter was 24, 16, and 31 patients in upper, middle and lower ureter, respectively, in group A as compared to 9, 5, and 12 patients in group B (Table 2) .
Patients in group A appeared to start their treatment earlier than those in group B. Forty-eight percent (48 %) of patients from group A had their first treatment in first 24 h of presentation compared to 42.3 % from group B. The data also showed that 78 % of patients in group A had treatment within 48 h compared with 62 % in group B. Only 22.5 % of those in Group A had treatment between 48 and 72 h compared with 38 % in group B. Neither statistically significant difference was identified between the two groups in terms of the number of shock waves and maximal intensity used (p value respectively 0.2181 and 0.8172), nor for the number of ESWL sessions required in both groups (Table 3 ). Attenuation value, in the form of the Table 4 shows a summary of the published emergency setting ESWL studies including our current series with the main results summarized.
Discussion
Urinary tract lithiasis has peak prevalence around the third and fourth decades of life [16] , with an average lifetime risk of 13 % for men and 7 % for women [17] . Spontaneous stone passage can be expected in up to 80 % in patients with stones less than 5 mm in diameter, and thus could be managed expectantly [5] . For stones greater than 5 mm, the chance of spontaneous passage decreases exponentially. This policy of allowing a trial of spontaneous stone passage although valid and widely practiced, does have potential drawbacks, in terms of patient morbidity with pain, bleeding, and sometimes irritative lower urinary tract symptoms which sometimes necessitates repeat visits to hospital and time off work.
The main focus of management of ureteric calculi in the acute setting is control of symptoms along with medical expulsive treatment [1] . There is a role for double J stenting [2] or placement of a percutaneous nephrostomy [2] if these symptoms do not resolve and if there is worsening of renal function or signs of sepsis. Traditionally, if conservative treatment fails patients have to undergo either routine outpatient ESWL or ureteroscopy and stone fragmentation. This approach may incur a potential significant wait for ESWL or surgery, with continuing morbidity, time off work, and costly repeat visits to hospital with pain. Definitive stone treatment may also be more difficult, as a result of ureteric oedema with stone impaction making ESWL less likely to be successful and ureteroscopy technically more difficult [3] .
When stone localization is considered in addition, the passing of ureteral stones is 25 % for the proximal ureter, 45 % for the middle ureter, and 70 % for the distal portion. According to the literature, shockwave lithotripsy has a better success rate for proximal ureteric stones of less than 10 mm, with ureteroscopy and holmium laser lithotripsy more efficient for stones greater than 10 mm [18] . For midureteric stones, ureteroscopy may be preferred to SWL by some because bone and bowel gas may interfere with stone detection [18] , although similar stone free rates have been reported. In the distal ureter, stone free rates appear superior for ureteroscopy [19] [20] [21] . It is also important to consider the findings from a recent meta-analysis that show a reduction in stone free rate of 5 and 8.1 %, for distal and proximal ureter respectively, for every mm in diameter increase beyond 8 mm [22] . Emergency shockwave lithotripsy aims to provide a fast, safe, and efficient definite treatment option for an obstructing ureteric stone. An impacted stone creates ureteral oedema gradually over 24-72 h, impairing stone clearance by preventing the formation of the chamberliquid interface. There are only a few retrospective studies that have addressed the issue thus far, yet available evidence indicates that it is a safe procedure with very low complication rate [9] [10] [11] [12] [13] [14] [15] . In our study, no major complications occurred primarily due to adherence to selection criteria and contraindications for the procedure.
Of all the study parameters, stone size and stone density were proven to be positive predictors of success, while the number of shock waves and maximal intensity used were not found to be statistically relevant (Tables 1, 3 , respectively). In addition, stone location did not appear to affect the success rate of shock wave lithotripsy in our series, but we acknowledge that this may be related to small number of participants (Table 2) . Table 4 shows a summary of published series looking at the overall stone free rates as a function of stone size for emergency ESWL. To our knowledge, our study is the first of its kind to positively correlate stone density with stone free rate in the emergency shockwave lithotripsy setting, an association previously examined only in elective ESWL setting [23] [24] [25] . Further research is warranted in this field, to further support the routine reporting of stone attenuation and consideration of this value in the choice of treatment.
On the other hand, stone size is a well-known predictor of successful outcome and this finding is supported by our results as well. According to our findings and in keeping with published results in the literature, we believe that emergency ESWL is satisfactory for stones between 5 and 10 mm and may decrease the cost of treatment of ureteric calculi by reducing the need for endoscopic intervention. There is little evidence concerning the cost-effectiveness of emergency lithotripsy. In a recent meta-analysis of 570 patients, Picozzi et al. [26] concluded that immediate ESWL is more efficient than medical expulsive treatment but more expensive for stones less than 8 mm.
Overall, 26 patients in our series failed ESWL and underwent subsequent successful ureteroscopic lithotripsy. Indeed, the reported success rate of ureteroscopy approximates 100 %, especially for lower third stones. Some advocate that it may even be used in the emergency setting with relative safety. In a retrospective series, Osorio et al. [27] reported an overall complication rate of 4.7 % and a stone free rate of 92.4 % in 144 patients who underwent emergency ureteroscopy and stone retrieval. More recently, Al-Ghazo et al. [28] presented a similar series of 244 patients, achieving a stone free rate of 90.6 % and overall complication rate of 13.1 %. However, ureteroscopy requires anaesthesia, admission to hospital and occasionally the insertion of a double J ureteric stent with deferred removal. In addition, reported success in the upper third of the ureter is lower and morbidity is higher, especially in men [11, 21] . In the latest Cochrane review and comparison of the two modalities, ureteroscopic removal of ureteral stones achieves a greater stone-free state when compared to ESWL, but with a higher complication rate and longer hospital stay [29] .
Conclusion
Emergency ESWL is a safe and well-tolerated treatment option in acute renal and ureteric colic with a satisfactory stone free rate and pain relief. We consider it the first treatment choice for ureteric stones less than 1 cm in greatest diameter irrespective of location, as it is not invasive and can be performed on an outpatient basis. Stone size and stone density, as expressed in Hounsfield units, are important factors to be considered, as they appear to affect outcome. Earlier treatment (within 24 ideally) may minimize stone impaction and increase the overall success rate and benefit to the patient. Larger, randomized studies comparing stone free rates between those undergoing routine outpatient ESWL and those undergoing emergency ESWL at presentation are needed to assess further the success and cost-effectiveness as well. Furthermore, the apparent reduction in ureteroscopy needs to be weighed up against a potential over treatment and waste of valuable resources as a result of giving ESWL to stones that may pass spontaneously.
